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S)  Data  processing  system. 

5?)  (1)  A  data  processing  system  comprising: 
a  plurality  of  operational  amplifiers; 
a  plurality  of  input  leading  wires  supplying  input  signals  to  each  operational  amplifier,  respectively; 
a  plurality  of  switching  circuits  connected  with  each  output  of  the  operational  amplifier,  respectively,  when  value 
of  output  signals  for  each  operational  amplifier  exceeds  the  predetermined  value; 
an  output  leading  wire  connected  with  the  switching  circuits  for  supplying  output  signals  of  each  the  switching 
circuit  to  input  side  of  the  operational  amplifiers  though  variable  resistance  as  well  as  outputting  them  to  the 
outside. 
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DATA  PROCESSING  SYSTEM 

FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  a  data  processing  system  of  neural  network  type. 

PRIOR  ARTS 

Since  Macalloch  Pitts  model,  a  fundamental  model  of  neural  network  has  an  output  or  normalized  digital 
value.  A  digital  circuit  for  the  model  can  easily  be  designated  at  the  theoretical  point  of  view.  However,  a 

to  huge  size  of  circuit  will  be  necessary  for  performing  the  following  operation  by  digital  circuit.  The  operation 
includes  comparison,  addition  and  multiplication  of  a  lot  of  terms,  as  well  as  subtraction. 

<j>  {  ( E   w1  A ,   )  —  6  )  (1) 

15 
0  :  Normarization  function 
Wj  :  Weight  of  the  ith  synapse 
A,  :  Input  to  the  ith  synapse 
e  :  Threshold  of  neuron 

,0  Accordingly,  it  is  difficult  to  expand  the  number  of  neurons  up  to  the  practical  level  in  an  IC  and  it  is  difficult 
to  make  such  an  IC  due  to  the  limitation  in  number  of  gates. 

Therefore,  trial  for  the  contraction  of  the  neural  network  by  analog  circuit  has  been  proposed  by  the 
U.S.  patent  No.4,660,166,  No.4,71  9,591  and  No.4,731  ,747. 

The  neural  network  disclosed  in  the  above  publications  has  the  structure  to  control  each  input  to  an 

2g  operation  amplifier  at  the  condition  of  total  unification  by  variable  resistance,  and  evaluates  the  following 
energy  formula: 

E =   (  1  / 2   )  I  S T i i V . V   j 
i  j 

30 

+  S  (  I  i /   R  i)  J  0vi  8  i - ' ( V ) d V -   Z  I  *  V  i 

The  above  proposed  neural  network  is  effective  for  the  calculation  or  exceedingly  small  value  or  exceed- 
ingly  great  value  with  respect  to  the  variable  given  by  the  equivalent  function  to  the  above  energy  formula, 
so  as  to  be  used  as,  for  example,  a  key  to  solution  for  the  problems  of  traveling  salesman. 

However,  the  neural  network  of  this  type  lacks  in  normalization  with  respect  to  each  neurons:  i.e.,  the 
function  outputting  digital  value  according  to  the  comparison  result  with  threshold,  so  that  the  functions; 
information  compression,  arrangement  and  integration  with  respect  to  the  neural  network  of  bionic  system 
cannot  be  realized.  Therefore,  it  is  impossible  to  obtain  the  essential  effect  of  the  neural  network  by  the 
neural  network  of  this  type  that  an  appropriate  output  pattern  is  generated  in  accordance  with  the  input 
pattern. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  is  invented  so  as  to  solve  the  above  problems  of  the  prior  art  and  has  an  object 
to  provide  a  data  processing  system  realizable  of  being  an  integrated  circuit  as  well  as  comprising  the 
function  for  the  normalization. 

A  data  processing  system  according  to  the  present  invention  comprises: 
a  plurality  of  operational  amplifiers; 
a  plurality  of  input  leading  wires  supplying  input  signals  to  each  operational  amplifier,  respectively; 
a  plurality  of  switching  circuits  connected  with  each  said  operational  amplifier  outputting  signals,  respec- 
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tively,  when  value  of  output  signals  for  each  operational  amplifier  exceeds  the  predetermined  value; 
an  output  leading  wire  connected  with  the  above  switching  circuits  supplying  output  signals  of  the  above 
each  switching  circuit  to  input  side  of  said  operational  amplifiers  through  variable  resistance  as  well  as 
outputting  them  to  the  outside. 

5  When  value  of  output  signal  from  each  operational  amplifier  exceeds  predetermined  value,  signal  is 
output  from  switching  circuit  connected  to  the  above  operational  amplifier,  then  such  signal  is  input  to  each 
operational  amplifier  through  variable  resistance.  Output  signal  from  each  switching  circuit  is  to  be  input  to 
operational  amplifier  as  well  as  to  be  output  to  the  outside  of  a  data  processing  system. 

w 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.1  shows  a  circuit  diagram  of  an  embodiment  of  a  data  processing  system  according  to  the  present 
invention; 

75  Fig.2  shows  a  circuit  diagram  indicating  the  status  of  variable  resistance. 
10,  20,  30  Operation  Amplifier 
11,  21,  31  Switching  Circuit 
12,  22,  32  Input  Leading  Wire 
17,  27,  37  Output  Leading  Wire 

20  41  to  46  Variable  Resistance 

PREFERRED  EMBODIMENT  OF  THE  PRESENT  INVENTION 

Hereinafter,  an  embodiment  of  the  data  processing  system  according  to  the  present  invention  is 
25  described  with  referring  to  the  attached  drawings. 

Although  only  three  operational  amplifiers  are  shown  in  this  diagram  for  simplification,  much  more 
operational  amplifiers  can  be  provided,  practically.  According  to  the  present  embodiment,  processing  is 
performed  onto  three  input  data  11  ,  12  and  13,  then  three  data  01  ,  02  and  03  are  output. 

The  combination  of  each  operational  amplifier  10,  20,  30  and  switching  circuit  11,  21,  31  corresponds  to 
30  a  neuron  of  the  neural  network  of  an  organism,  respectively.  The  connection  structure  among  each 

operational  amplifier  corresponds  to  a  so-called  neural  network.  The  connection  structure  of  such  oper- 
ational  amplifiers  is  basically  equivalent  to  the  circuit  of  hopfield  disclosed  by  the  specification  of  the  U.S. 
patent  4,66,166  except  switching  circuits  11,  21  and  31. 

Hereinafter,  peripheral  structure  of  operational  amplifier  10  is  described.  An  input  leading  wire  12  which 
35  supplies  input  signal  to  operational  amplifier  10  is  connected  to  input  terminal  of  the  above  operational 

amplifier  10.  Resistance  13  and  condenser  14  are  connected  to  the  input  leading  wire  12  in  which  time 
constant  of  operational  amplifier  10  is  set  up.  On  the  other  hand,  the  base  of  transistor  composing  switching 
circuit  11  is  connected  to  output  terminal  of  the  operational  amplifier  10.  Here,  diode  15  for  the  prevention 
of  a  back  current  to  the  operational  amplifier  is  provided  in  between  the  above  base  and  the  operational 

40  amplifier  10.  Connector  of  transistor  composing  switching  circuit  11  is  connected  to  a  power  supply  V,  and 
emitter  is  connected  to  output  leading  wire  17  through  resistance  16. 

Therefore,  as  much  volume  of  electric  current  as  it  is  determined  by  resistance  16  flows  between 
connector  and  emitter  of  transistor  when  value  of  output  signal  of  operational  amplifier  11  exceeds  the 
predetermined  value  determined  by  the  characteristics  of  transistor  of  switching  circuit  11;  that  is,  when  the 

45  base  voltage  exceeds  the  predetermined  value.  An  electric  current  signal  output  from  the  above  switching 
circuit  11  is  input  to  operational  amplifiers  20  and  30  though  output  leading  wire  17.  Output  leading  wire  17 
is  connected  to  input  terminals  of  operational  amplifiers  20  and  30  though  variable  resistances  41  and  42, 
respectively.  This  output  leading  wire  is  also  lead  to  the  outside  of  this  data  processing  system  so  as  to 
take  out  output  signal  01  of  switching  circuit  11  from  the  above  output  leading  wire  17. 

so  Switching  circuit  11  side  of  resistance  16  is  branched  at  the  middle  of  output  leading  wire  17  and 
connected  through  pro  tection  resistance  18  comprising  bigger  resistance  value  than  that  of  resistance  16. 

Peripheral  structures  of  the  operation  amplifiers  20  and  30  are  the  same  as  that  of  operational  amplifier 
10.  Output  leading  wire  27  is  connected  to  switching  circuit  21  which  is  connected  to  output  terminal  of 
operational  amplifier  20.  Output  leading  wire  37  is  connected  to  switching  circuit  31  which  is  connected  to 

55  output  terminal  of  operational  amplifier  30.  Output  leading  wire  27  is  connected  to  operational  amplifiers  10 
and  30  through  variable  resistances  43  and  44,  respectively.  Output  leading  wire  37  is  connected  to 
operational  amplifiers  10  and  20  through  variable  resistances  45  and  46,  respectively. 

It  is  possible  to  realize  variable  resistances  41  to  46  by  the  structure  of,  for  example,  connecting 
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resistances  r  in  parallel  through  diode  d  and  transistor  t,  as  shown  in  Fig.2. 
Resistance  values  of  variable  resistances  41  to  46  correspond  to  weight  Wi  of  the  above  operation 

formula  (1).  An  electric  current  signal  supplied  to  operational  amplifiers  10,  20  and  30  through  each  output 
leading  wire  17,  27,  37  corresponds  to  input  Ai  of  the  formula  (1).  On  the  other  hand,  the  characteristics  of 

5  switching  circuits  11,  21  and  31;  that  is,  voltage  of  basic  voltage  required  for  outputting  the  signal 
corresponds  to  threshold  of  the  formula  (1).  Therefore,  normalization  of  neurons,  i.e.,  the  function  to  output 
signals  in  accordance  with  comparison  result  with  threshold  is  completed. 

Accordingly,  when  input  signals  11,  12  and  13  are  given,  each  operational  amplifier  10,  20,  30  outputs 
voltage  signal  according  to  the  above  input  signal.  Switching  circuit  outputs  electric  current  signal  when 

io  above  voltage  exceeds  the  predetermined  base  voltage.  An  electric  signal  output  from  switching  circuit  is 
input  to  operational  amplifier,  which  is  not  connected  to  the  base  of  the  above  switching  circuit,  through 
variable  resistance.  According  to  the  above,  output  signal  is  controlled  since  input  signal  with  respect  to  the 
operational  amplifier  is  charged.  Switching  circuit  connected  to  output  terminal  of  the  operational  amplifier 
outputs  the  signal  when  the  value  of  the  above  output  signal  exceed  the  predetermined  value.  Output 

15  signals  01,  02  and  03  from  each  switching  circuit  are  output  to  the  outside  from  this  data  processing 
system. 

Control  system  prepared  at  the  outside  of  this  data  processing  system  controls  weights  of  each  neuron, 
i.e.,  variable  resistances  from  41  to  46,  according  to  output  signals  01  ,  02  and  03.  As  a  result,  values  of 
signals  input  to  operational  amplifiers  10,  20  and  30  are  changed  and  output  signals  01,  02  and  03  are 

20  changed  as  action  status  of  switching  circuit  11,  21  and  31  are  changed.  Accordingly,  learning  control  is 
performed  so  as  to  control  output  signal  to  be  the  predetermined  value.  Therefore,  a  circuit  comprising  the 
similar  ability  to  information  processing  function  of  the  neural  network  of  an  organism  is  realized  by  a  data 
processing  system  according  to  the  present  embodiment. 

Although  switching  circuits  1  1  ,  21  and  31  consist  of  transistors,  it  is  not  restricted  to  transistors.  It  is 
35  possible  to  apply  any  circuit  which  comprises  the  equivalent  function  as  that  of  transistors. 

As  mentioned  above,  it  is  possible  to  realize  the  neural  network  comprising  the  normalization  function 
with  analog  circuit  so  as  to  obtain  a  data  processing  system  which  prepares  as  many  neurons  as  required 
at  the  practical  level.  Therefore,  it  is  possible  to  make  the  neural  network  into  an  integrated  circuit. 

30 
Claims 

(1)  A  data  processing  system  comprising: 
a  plurality  of  operational  amplifiers; 

35  a  plurality  of  input  leading  wires  supplying  input  signals  to  each  operational  amplifier,  respectively; 
a  plurality  of  switching  circuits  connected  with  each  output  of  said  operational  amplifier,  respectively,  when 
value  of  output  signals  for  each  operational  amplifier  exceeds  the  predetermined  value; 
an  output  leading  wire  connected  with  said  switching  circuits  for  supplying  output  signals  of  each  said 
switching  circuit  to  input  side  of  said  operational  amplifiers  though  variable  resistance  as  well  as  outputting 

40  them  to  the  outside. 
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